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APPENDIX C
HUMAN HEALTH EFFECTSFROM FACILITY ACCIDENTS

C.1 INTRODUCTION

Accident analyses were performed to estimate the impacts on workers and the public from reasonably
foreseeable accidentsfor the Los Alamos National Laboratory (LANL) Technical Area18 (TA-18) mission
rel ocation alternatives. Theanalyseswere performedin accordancewith National Environmental Policy Act
(NEPA) guidelines, including the process followed for the selection of accidents, definition of accident
scenarios, and estimation of potential impacts. The sections that follow describe the methodology and
assumptions, accident selection process, selected accident scenarios, and consequences and risks of the
accidents evaluated.

C.2 OVERVIEW OF METHODOLOGY AND BASIC ASSUMPTIONS

Theradiological impacts from accidental rel eases from the facilities used to perform TA-18 missionswere
calculated using the MACCS computer code, Version 1.12 (MACCS2). A detailed description of the
MACCSmodel isprovidedin NUREG/CR-4691 (NRC 1990). Theenhancementsincorporatedin MACCS2
are described in the MACCS2 Users Guide (SNL 1997). This section presents the MACCS2 data specific
to the accident analyses. Additional information on the MACCS2 codeis provided in Section C.8.

As implemented, the MACCS2 model evaluates doses due to inhalation of airborne material, as well as
exposuretothe passing plume. Thisrepresentsthe major portion of the dosethat anindividual wouldreceive
asaresult of a TA-18 mission facility accident. The longer-term effects of radioactive material deposited
ontheground after apostul ated accident, including theresuspensi on and subsequent i nhal ati on of radioactive
material and theingestion of contaminated crops, were not model ed for thisenvironmental impact statement
(EIS). These pathways have been studied and found to contribute less significantly to the dosage than the
inhalation of radioactive material in the passing plume; they are also controllable through interdiction.
Instead, the deposition vel ocity of the radioactive material was set to 0, so that material that might otherwise
be deposited on surfaces remained airborne and available for inhalation. This adds a conservatism to
inhalation doses that can become considerable at large distances. Thus, the method used in this EIS is
conservative compared with dose results that would be obtained if deposition and resuspension were taken
into account.

The impacts were assessed for the offsite population surrounding each site, the maximally exposed offsite
individual, and a noninvolved worker. The impacts on involved workers were addressed qualitatively
because no adequate method exists for calcul ating meaningful consequences at or near the location where
the accident could occur. Involved workers are also fully trained in emergency procedures, including
potential accidents.

The offsite population is defined as the general public residing within 80 kilometers (50 miles) of each site.
The population distribution for each proposed site is based on U.S. Department of Commerce state
population projections (DOC 1999). State and county population estimates were examined to interpolate
the datato the year 2001. These datawere fitted to a polar coordinate grid with 16 angular sectors aligned
with the 16 compass directions, with radial intervals that extend outward to 80 kilometers (50 miles). The
offsite population within 80 kilometers (50 miles) was estimated to be 320,182 persons at TA-18 (the
No Action Alternative and the TA-18 Upgrade Alternative); 283,571 persons at TA-55 (the LANL New
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Facility Alternative); 745,287 personsat TA-V* (the SandiaNational Laboratories/New Mexico [SNL/NM]
Alternative); 18,074 persons at the Device Assembly Facility (DAF) (the Nevada Test Site [NTS]
Alternative); 239,099 persons at Argonne National Laboratory-West (ANL-W) (the ANL-W Alternative);
and 450,302 persons at TA-39 (the Solution High-Energy Burst Assembly [SHEBA] proposed rel ocation
site). For thisanalysis, no credit was taken for emergency response evacuations or temporary rel ocation of
the general public.

The maximally exposed offsite individual is defined as a hypothetical individual member of the public who
would receive the maximum dosefroman accident. Thisindividual isusually assumedto belocated at asite
boundary. However, for some sites, there are public residences within the site boundary, such asthetrailer
park withinthe LANL siteboundary. Intheseinstances, the maximally exposed individual could be at these
onsite locations.

The maximally exposed offsite individual location was determined for each site. The maximally exposed
individual location can vary at a site based on the type of accident. Therefore, some sites may have more
than one location for the maximally exposed offsite individual. For this analysis, the maximally exposed
offsiteindividual islocated at 1.1 kilometers (0.7 miles) to the northeast (TA-18); 1 kilometer (0.6 miles)
to the north and 2.6 kilometers (1.6 miles) to the east-southeast (TA-55); 2.0 kilometers (1.2 miles) to the
northeast and to the north (TA-V); 10.9 kilometers (6.8 miles) to the east-northeast (DAF); 5.2 kilometers
(3.2 miles) and 6.7 kilometers (4.2 miles) to the south-southeast (ANL-W); and 0.8 kilometers (0.5 miles)
to the southwest (TA-39).

A noninvolved worker is defined as an onsite worker who is not directly involved in the facility activity
pertainingto the accident. The noninvolved worker isassumed to be exposed to thefull release, without any
protection, at variousdistancesfromthe point of releasefrom facilities depending on the alternative or action
being assessed. For SHEBA, this distance would be 400 meters (1,310 feet); for the other TA-18 mission
facilities, this distance would be 400 meters (1,310 feet) if the facilities remain at TA-18, and 100 meters
(330 feet) if the missions are relocated to TA-55, SNL/NM, NTS, or ANL-W. Workers would respond to
a site emergency alarm and evacuate to a designated shelter area, reducing their exposure potential. For
purposes of the analyses, however, it was conservatively assumed that no evacuation would take place.

Dosesto the offsite population, the maximally exposed offsite individual, and a noninvolved worker were
calculated based on site-specific meteorological conditions. Site-specific meteorology is described by one
year of hourly windspeed atmospheric stability and by rainfall recorded at each site. The MACCS2
calculations produce distributions based on the meteorological conditions. For these analyses, the results
presented are based on mean meteorological conditions. The mean produces more realistic consequences
than a 95" percentile condition, which is sometimes used in accident analyses. The 95" percentile condition
representslow-probability meteorological conditionsthat are not exceeded morethan 5 percent of thetime.

Asdiscussed in Appendix B, the probability coefficients for determining the likelihood of alatent cancer
fatality for low dosesor doseratesare 0.0004 and 0.0005 fatal cancersper rem, appliedtoindividual workers
and individuals in the general public, respectively. For high doses received at a high rate, respective
probability coefficients of 0.0008 and 0.001 fatal cancers per rem were applied for individual workers and
individualsinthegeneral public. Thehigher-probability coefficientsapply whereindividual dosesareabove
20 rad or dose rates are above 10 rad per hour.

Thepreceding discussionfocuseson radiol ogical accidents. Chemical accident scenarioswerenot eval uated,
sinceinventoriesof hazardous chemical sto support TA-18 operationsdo not exceed the Threshold Planning
Quantities as stipulated on the Extremely Hazardous Substances List provided in Section 3.02 of the

MTechnical areas at Sandia National Laboratories/New Mexico are des gnated using roman numerals.
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Emergency Planning and Community Right-to-Know Act (EPA 1998). The U.S. Department of Energy
(DOE) has considered impacts from sabotage in a separate analysis. This analysis is incorporated as a
classified appendix to the EIS. Industrial accidents were evaluated and the results are presented in
Section C.7.

C.3 ACCIDENT SCENARIO SELECTION PROCESS

In accordance DOE NEPA guidelines, an EIS should, to the extent applicable, contain arepresentative set
of accidentsthat includes various types such asfire, explosion, mechanical impact, criticality, spill, human
error, natural phenomena, and external events. DOE’ s Office of NEPA Oversight, in the Recommendations
for the Preparation of Environmental Assessmentsand Environmental I|mpact Statements, the Green Book”
(DOE 1993), presents recommendations for determining which accident scenarios to analyze.

The accident scenario selection was based on evaluation of accidents reported in the Basis for Interim
Operations(TA-18 BIO) (DOE 2001). The selection and evaluation of accidentsinthe TA-18 BIO was based
on a process described in the DOE Sandard: Preparation Guide for U.S. Department of Energy New
Reactor Nuclear Facility Safety Analysis Reports (New Reactor SAR Preparation Guide) (DOE 19944). The
accident selection process for this EIS is described in Sections C.3.1 through C.3.3 for Steps 1 through 3,
respectively.

C.3.1 Hazard Identification — Step 1

Hazard evaluation, or hazards analysis, isthe process of identifying the material, system, process, and plant
characteristics that can potentially endanger the health and safety of workers and the public and then
analyzing the potential consegquencesto humans of accidentsinvolving the identified hazards. The hazards
analysis examines the complete spectrum of accidents that could expose members of the public, onsite
workers, facility workers, and the environment to hazardous materials. The hazards present at TA-18 were
identified by reviewing broad hazards lists, assessing the applicability to the facilities and activities at the
site, and looking for possible unique hazards posed by the unique activities carried out at TA-18.

Hazards analysis teams were assembled by LANL to collect and review documentation pertinent to the
activities, machines, and facilities at TA-18 (DOE 2001). They performed technical walk downs of each
facility and observed, from the remote-control room, actual criticality experiments on the critical assembly
machines. Technical discussions and interviewswere held with TA-18 personnel covering the spectrum of
activities carried out at the site. Table C—1 indicates the range of activities investigated and assessed for
inclusion in the hazards analysis.

Table C—1 TA-18 Activities Evaluated in the Hazards Analysis

Category Activity
Detector development Active interrogation
Detector development and operation
Emergency response Readiness activities

Interagency training

Criticality safety demonstration

Low- and medium-dose radiography

Critical assembly machines Storage of security Category | and Il nuclear materials
Manua handling of nuclear materials

Licensed equipment operations (crane, hoist, forklift)
Operation of special equipment (e.g., vacuum cleaner)
Detector development and operation
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Category

Activity

Critical assembly machines (cont’ d)

Welding

Radiation test object construction

Use of CASA or miscellaneous buildings as temporary material access areas

Temporary staging of vault materialsinto CASA workspace

Transfer of FL-10 bottle contents

Criticality safety demonstration

Specia nuclear materials handling demonstration

Planned criticality

Local mode of machine operation (Plan 2)

Source handling

Loading/unloading of core materials

Machine setup and tear-down operations

Uranium fuel solution handling (fueling, defueling, spill cleanup)

Dosimeter retrieval

Hand stacking, hand cranking of core materials

Worker re-entry into CASA after operations

Radiography (excludes linear accelerator)

Radiography with linear accelerator

Drum or counter assay

Portal installation, development, and testing

Package monitoring

Transport of nuclear materials (truck, motorized cart, forklift)

Uranium hexafluoride operations

Propane bottle handling

Operation

Basic criticality safety class

Advanced criticality safety class

CASA maintenance

Long-range alpha detector

Material protection, control, and
accountability

Portal installation, development, and testing

Package monitor development

Accelerator operations

Operation of portable linear accelerator

Sealed neutron generators

Support activities

Work control

Soldering

Machinists

General mechanical support

Licensed equipment operations (cranes, hoit, forklifts, etc.)

Welding, staff, and shop

Gamma spectroscopy

Source handling

Health physics support

Specia nuclear materials moves

Industrial hygiene support

Handling gas cylinders

Waste management

CASA = Critical Assembly Storage Area.
Source: DOE 2001.
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Hazard tables were prepared for the TA-18 facilities and activities. A LANL team screened the hundreds
of potential hazards in the hazard tablesto devel op a subset of approximately 400 major TA-18 radiological
hazards for use in the preparation of the TA-18 BIO (DOE 2001).

C.3.2 Hazard Evaluation — Step 2

The LANL team preparing the TA-18 BIO subsequently screened the subset of approximately 400 major
TA-18 radiological hazards developed in Step 1. Using a hazards analysis process based on guidance
provided by the New Reactor SAR Preparation Guide (DOE 1994a), the 400 major hazards were reduced
to 22 mgjor accidents. The processrankstherisk of each hazard based on estimated frequency of occurrence
and potential consequences to screen out low-risk hazards. The subset of 22 major accidents
(i.e., 4reactivity insertion accidents, 2 criticality accidents, 6 fire/explosion accidents, 6 natural -phenomena
events, 1 external event, and 3 miscellaneous events) were identified for analysis in the TA-18 BIO
(DOE 2001). Descriptions of critical assembly machines are provided in Appendix A.

C.3.3 Accidents Selected for This Evaluation — Step 3

The EIS team screened the subset of 22 major accidents analyzed in the TA-18 BIO (DOE 2001) to select
a spectrum of accident scenarios for the No Action Alternative. The following accident categories were
considered in the selection process:

» fire

e explosion

» uncontrolled reactivity insertion
* inadvertent criticality

o spill

* mechanical impact

* human error

* natural phenomena

* externa events

Screening criteria used in the selection process included, but were not limited to: (1) consideration of the
impacts on the public and workers of high-frequency/low-consequence accidents and
low-frequency/high-consequence accidents; (2) selection of the highest-impact accident in each accident
category to envelope the impacts of all potential accidents; and (3) consideration of only reasonably
foreseeable accidents. Thelist of No Action Alternative accident scenarios was reviewed for applicability
to the other reasonable alternatives evaluated in thisEIS. In addition, hazards and accident analyses at the
candidate sites were reviewed to determine the potential for accidents initiated by external events
(e.g., aircraft crash, and explosionsin collocated facilities) and natural phenomena (e.g., external flooding,
earthquake, extreme winds, and missiles).

Accident scenarios that involved the spill of radioactive material or the release of radioactive material due
to mechanical impacts of machines or storage contai nerswere considered but not evaluated inthisElS. The
explosion scenario envelopes the worker and public health and safety impacts of these potential scenarios,
where machine and storage containersin the facility were breached by the force of the explosion. Accident
scenariosinitiated by human error are evaluated in thisEIS. Human error can be theinitiating event for the
postulated inadvertent criticality and uncontrolled reactivity insertion accident scenarios.
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The results of the Step-3 selection process are presented below for each of the accident categories.

Fire— The high-pressure spray fire on a Comet machine, with a plutonium core, was selected from the list
of fire accidents evaluated in the TA-18 BIO because it has a potentially large impact. Unmitigated, thefire
has the potential to damage the Comet machine plutonium core. This accident scenario is applicableto all
alternatives, excluding activities involving SHEBA relocation.

Explosion —Hydrogen detonation in SHEBA was sel ected asthe representative expl osion accident scenario.
This accident scenario was sel ected because the accident analyses postul ated that the force of the explosion
could damage not only the SHEBA core, but also storage containers in the facility and could release
additional radioactive material. Thisscenario isapplicableto thetwo alternativesthat involve SHEBA, the
No Action and TA-18 Upgrade Alternatives, and to SHEBA relocation.

Uncontrolled reactivity insertion — Since TA-18 operationsinvolve tests with both solid and liquid cores,
two uncontrolled reactivity insertion accident scenarios were selected for evaluation in this EIS. The
uncontrolled reactivity insertion in Comet or Planet, with a plutonium core, was sel ected as arepresentative
scenario for insertionsinto asolid core. Thisscenarioisapplicableto all alternatives, excluding activities
involving SHEBA relocation.

Theuncontrolled reactivity insertionin SHEBA, inthe burst mode, was sel ected as arepresentative scenario
for insertions into aliquid core. This scenario is applicable to the two alternatives that involve SHEBA
(i.e., the No Action and TA-18 Upgrade Alternatives).

Inadvertent criticality — Since TA-18 operations involve the handling of both solid and liquid radioactive
materials, two inadvertent criticality accident scenarios were selected for evaluation in thisEIS. The first
postulated scenario is a bare, fully reflected, or moderated metal criticality accident. This scenario is
applicableto all alternatives but isnot applicable to SHEBA relocation. The second scenario postul ates an
inadvertent solution criticality. Since the handling of radioactive solutions is primarily associated with
SHEBA operations, the inadvertent solution criticality scenario is applicable to the two aternatives that
involve SHEBA, the No Action and TA-18 Upgrade Alternatives, and to SHEBA relocation.

Natural phenomena (earthquake) — The earthquake-induced facility collapse, without fire, was selected
as the representative natural phenomena-induced accident scenario. At TA-18, natural gas from broken
pipelines that would otherwise cause afire is released through the rubble and fails to reach a flammable
mixture. Thisscenarioisapplicabletoal aternativesand to SHEBA relocation. Thefailure(i.e., collapse)
of existingfacilitiesand proposed new facilitiesdueto an earthquakeisbased on site-specific facility seismic
design features and the return frequencies for earthquakes with forces that significantly exceed the
design-basis earthquake for the facility. An earthquake with less force, causing less damage, could trap
natural gas from broken pipelines, leading to afire, but with a smaller source term and lower impacts.

External events (air craft crash) — The locations of existing facilities and the proposed locations of new
facilities were evaluated to determine the probability of an aircraft impacting the facility, penetrating the
facility, and damaging equipment and/or storage containers, causing the release of radioactive material. In
those cases where the probability was less than 1.0 x 107 per year (i.e., less than 1 chance in 10 million
years), the postul ated scenarioisnot considered credibleandisnot evaluated inthe EIS. Theonly alternative
considered vulnerable to the high-energy aircraft-crash accident scenario isthe SNL/NM Alternative. The
accident scenarioisinitiated by alarge aircraft crashing into an underground facility. Thefrequency of this
accident is estimated to be 6.3 x 10° per year. However, analysis showed that there would be no damageto
the materials at risk and, therefore, no radiological release to the environment (SNL/NM 2001). Therefore,
this accident was eliminated from further analysis.
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The locations of the existing facilities and the proposed locations of new facilities were also evaluated to
determineif an accident inan adjacent facility or in acollocated or shared facility supporting another mission
could propagate or initiate an accident in a facility with a TA-18-related mission. No externaly initiated
reasonably foreseeable accidents were identified that could affect the relocated TA-18 mission facilities.

Table C—2 shows the correlation between accidents and alternatives.

Table C—2 Applicability of TA-18 Existing Facilities Accidentsto Alternatives

. Relocation of
Alternatives Security
No TA-18 LANL Category I11/1V
Accident Scenario Action | Upgrade | New Facility | SNL/NM NTS ANL-W and SHEBA
Uncontrolled reactivity
insertion in Comet or Planet Yes Yes Yes Yes Yes Yes No
with a plutonium core
Bare, fully reflected, or Yes Yes Yes Yes Yes Yes No

moderated metal criticality

High-pressure spray fireon a
Comet machine with a Yes Yes Yes Yes Yes Yes No
plutonium core

Earthquake-induced facility

; . X Yes Yes Yes Yes Yes Yes Yes
failures without fire
Uncontrolled reactivity
insertion in SHEBA in burst Yes Yes No No No No Yes
mode
Hydrogen detonation in
SHEBA Yes Yes No No No No Yes
In_a_jve(tent solution Yes Yes No No No No Yes
criticality

C.4 ACCIDENT SCENARIO DESCRIPTIONS AND SOURCE TERM

This section describes the accident scenarios and corresponding source term devel oped for the rel ocation of
TA-18 operations. The spectrum of accidents described below was used to determine the consequences
(public and worker doses) and associ ated risks. Additional assumptionsweremadewhen further information
was required to clarify the accident condition, update some of the parameters, or facilitate the evaluation
process; these are referenced in each accident description.

The source term is the amount of respirable radioactive material released to the air, in terms of curies or
grams, assuming the occurrence of a postulated accident. The airborne source termistypically estimated
by the following equation:

Source term = material at risk x damage ratio x airborne release fraction x respirable fraction x leak path factor

The material at risk is the amount of radionuclides (in curies of activity or grams for each radionuclide)
available for release when acted upon by a given physical stress (i.e., an accident). The material at risk is
specific to a given process in the facility of interest. It is not necessarily the total quantity of material
present, but is that amount of material in the scenario of interest postulated to be available for release.

The damage ratio is the fraction of material exposed to the effects of the energy, force, or stress generated

by the postulated event. For the accident scenarios discussed in thisanalysis, the value of the damageratio
variesfrom 0.1 to 1.0.
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The airborne release fraction is the fraction of material that becomes airborne due to the accident. In this
analysis, airborne release fractions were obtained from the TA-18 BIO (DOE 2001) or the DOE Handbook
on airborne release fractions (DOE 1994b).

The respirable fraction is the fraction of the material with a 10-micrometer (micron) or less
aerodynamic-equivalent diameter particle size that could be retained in the respiratory system following
inhalation. The respirable fraction values are also taken from the TA-18 BIO (DOE 2001) or the DOE
Handbook on airborne rel ease fractions (DOE 1994b).

The leak path factor accounts for the action of removal mechanisms (e.g., containment systems, filtration,
deposition) to reduce the amount of airborne radioactivity ultimately released to occupied spaces in the
facility or the environment. A leak path factor of 1.0 (i.e., no reduction) is assigned in accident scenarios
involving a major failure of confinement barriers. Leak path factors were obtained from the TA-18 BIO
(DOE 2001) and site-specific evaluations.

Since the isotopic composition and shape of some of the nuclear materials are classified, the material
inventory has been converted to equivalent amounts of plutonium-239. The conversion was on a
constant-consequence basis, so that the consequences calculated in the accident analyses are equivalent to
what they would be if actual material inventories were used. The following sections describe the selected
accident scenarios and corresponding source terms for each alternative.

C.41 Uncontrolled Reactivity Insertion in Comet or Planet with a Plutonium Core

An uncontrolled reactivity insertion in Comet or Planet could occur if additional fissile material is
inadvertently added to the plutonium core; the geometry of the core is changed so that it has a higher
reactivity; neutron-absorbing material in the system is removed; or a substance is placed outside the core
which improves the reflection of neutrons from the core back into the core. Thisreactivity can be added as
an immediate step increase or as a gradually increasing reactivity.

The scenario assumes a step insertion of reactivity followed by a runaway power excursion accident in
Comet or Planet with a plutonium core. The accident is initiated by an unplanned reactivity insertion in
either a Comet or Planet machine caused by a large deviation from the experiment plan and other human
errors. Core damageis possible depending on the amount of excess reactivity insertion. The extent of any
core damage a so depends on theinsertion rate (fast or slow) and the operator’ sresponsein initiating reactor
protection-system scram. Core damage can range from fuel surface oxidation to fuel melting. Fuel melting
has a higher airborne release fraction than metal oxidation. For this analysis, an unmitigated case is
evaluated (i.e., no credit istaken for reactor protection-system scram or opportunitiesfor operator-initiated
manual scram). For thisaccident scenario, abounding reactivity? insertion of $0.80ispostulated. Thislevel
of reactivity insertion isin excess of the administrative control limit of $0.50 and, therefore, is extremely
conservative. Appendix A, Section A.1, provides a detailed discussion of reactivity.

The estimated frequency of this event is 1.0 x 10° per year. The material at risk is approximately
27 kilograms (60 pounds) of plutonium-239 equivalent metal. The damage ratio is 1.0 (i.e., the accident
causes the entire core to melt). The airborne release fraction is 0.01, and the respirable fraction is 1.0.

2Reactivity isthe fractional change in neutron multiplication factor from one neutron generation to the next.
Reactivity in dollarsis equal to the delayed neutron fraction corresponding to a multiplication factor of 1.002 for a
plutonium-239 core.
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For the No Action Alternative, the leak path factor is assumed to be 1.0 because the buildings are not
specifically designed to contain or filter releases. Thisresultsin asourceterm of approximately 270 grams
(10 ounces) of plutonium-239 equivalent.

For the TA-18 Upgrade, LANL New Facility, SNL/NM, NTS, and ANL-W Alternatives, theleak path factor
is assumed to be 0.001 due to the implementation of improved containment, including high-efficiency
particulate air filtration systems. This resultsin a source term of approximately 0.27 grams (0.01 ounces)
of plutonium-239 equivalent.

In addition to the plutonium release, there would also be a fission product release. The fission products,
however, were not included in the source term because analysis showed that the fission product release
consequence contribution would be a minute fraction of the plutonium release and would not change the
presented results (DOE 2001).

C.4.2 Bare, Fully Reflected, or Moderated Metal Criticality

An inadvertent criticality of asolid metal fissile material assembly could occur if the number of neutrons
leaking out of the system (and therefore not available for further fissions) is reduced by introducing or
enhancing reflection of these neutrons back into the fissile material. The number of neutrons available to
cause additional fissions directly affects a system’ s ability to become critical. Some neutronsleak out of a
mass of fissile material and are not available for further fissions, but areflector outside the fissile material
returns many of these leaking neutrons back to the fissile atoms.

The accident is a solid criticality involving fissile material, reflectors, and moderators resulting from
mechanical failures or human errors that lead to introduction or increase of reflection in the system. The
accident may be caused by computational errorsin criticality safety evaluations, mechanical failures, or
human errors that lead to the introduction of moderators in the system, or by human errors in following
procedures or established criticality safety limits. A single-pulseyield of 1.0 x 10* fissionsis assessed to
be bounding for metal criticalities.

The estimated frequency of thisevent is 1.0 x 10°to 1.0 x 10 per year. For thisanalysis, the high end of
thefrequency range, 1.0 x 10 per year, was conservatively chosen. Thedamageratiois0.1. Therespirable
fractionis1.0. Theairbornereleasefractionsare0.5 (krypton, xenon); 0.2 (cesium, rubidium); 0.03 (barium,
strontium); 0.05 (iodine); 0.07 (tellurium); 0.002 (ruthenium, rhodium); 0.03 (molybdenum, niobium,
technetium); 0.0004 (cerium, zirconium); 0.0006 (lanthanum, praseodymium, neodymium, yttrium); and
0.004 (antimony). The damage ratio and the airborne release fractions were obtained from the DOE
Handbook on airborne rel ease fractions (DOE 1994b).

For the No Action Alternative, the leak path factor is assumed to be 1.0 because the buildings are not
specifically designed to contain or filter releases. The radioisotopes were obtained from the TA-18 BIO
(DOE 2001). The source term for the No Action aternative is presented in Table C-3.

FortheTA-18Upgrade, LANL New Facility, SNL/NM, NTS, and ANL-W Alternatives, theleak path factors
are assumed to be 1.0 (noble gases), 0.01 (halogens), and 0.001 (particul ates) due to the implementation of
improved containment, including high-efficiency particulate air and charcoal filtration systems. The source
terms for these alternatives are also presented in Table C-3.
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Table C—3 Solid Criticality Source Terms

1 x 10" Fissions Activity

No Action Alternative

All Other Alternatives

| sotope (curies) Release Activity (curies) Release Activity (curies)
Krypton-85 3.68 x 107 1.84 x 108 1.84 x 108
Krypton-85m 0.0118 0.00059 0.00059
Krypton-87 0.566 0.0283 0.0283
Krypton-88 1.25 0.0625 0.0625
Rubidium-86 1.26 x 10°® 2.52 x 10°® 2.52 x 101t
Strontium-89 0.0000364 1.09 x 10”7 1.09 x 1010
Strontium-90 1.54 x 10°® 4,62 x 10° 4.62 x 102
Strontium-91 0.199 0.000597 5.97 x 107
Strontium-92 2.14 0.00642 6.42 x 10
Yttrium-90 8.89 x 10°° 5.33x 10 5.33x 10"
Yttrium-91 0.0000198 1.19 x 10° 1.19 x 1012
Yttrium-92 0.0448 2.69 x 10 2.69 x 10°
Yttrium-93 0.0952 5.71 x 10°® 5.71 x 10°
Zirconium-95 0.000472 1.89 x 10°® 1.89 x 10t
Zirconium-97 0.539 0.0000216 2.16 x 108
Niobium-95 4.45 x 10°® 1.34 x 108 1.34 x 101
Molybdenum-99 0.00150 450 x 10°® 450 x 10°
Technetium-99m 5.24 x 10°® 1.57 x 108 1.57 x 101
Ruthenium-103 5.26 x 10°® 1.05 x 10° 1.05 x 1012
Ruthenium-105 0.0902 0.000018 1.80 x 108
Ruthenium-106 0.00046 9.20 x 10°® 9.20 x 10t
Rhodium-105 9.07 x 10°® 1.81 x 10° 1.81x 1012
Antimony-127 0.00242 9.68 x 107 9.68 x 10°
Antimony-129 0.648 0.000259 2.59 x 107
Tellurium-127 0.000216 1.51 x 10° 1.51 x 10°
Telurium-127m 7.73 x 107 5.41 x 10° 5.41 x 10
Tellurium-129 0.132 0.000924 9.24 x 107
Tellurium-129m 0.00019 1.33x10° 1.33x10°
Tellurium-131 5.53 0.0387 0.0000387
Tellurium-131m 0.0768 0.000538 5.38 x 107
Tellurium-132 0.180 0.00126 1.26 x 10
lodine-131 0.000313 1.57 x 10 1.57 x 10°®
lodine-132 0.309 0.00155 0.0000155
lodine-133 0.233 0.00117 0.0000117
lodine-134 13.0 0.065 0.00065
lodine-135 3.43 0.0172 0.000172
Xenon-133 0.000385 0.0000193 0.0000193
Xenon-135 0.264 0.0132 0.0132
Cesium-136 0.00168 0.0000336 3.36 x 10°®
Cesium-137 0.000015 3.00 x 107 3.00 x 100
Barium-139 1.36 0.00408 4,08 x 10°®
Barium-140 0.0135 0.0000405 4,05 x 108
Lanthanum-140 0.00307 1.84 x 107 1.84 x 10%°
Lanthanum-141 0.0502 3.01 x 10 3.01 x10°
Lanthanum-142 0.593 0.0000356 3.56 x 10°®
Cerium-141 5.68 x 107 227 x 101 2.27 x 104
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Appendix C —Human Health Effects from Facility Accidents

1 x 10" Fissions Activity

No Action Alternative

All Other Alternatives

| sotope (curies) Release Activity (curies) Release Activity (curies)
Cerium-143 0.002 8.00 x 10® 8.00 x 10
Cerium-144 0.0000609 2.44 x 10° 2.44 x 10
Praseodymium-143 1.45x 107 8.70 x 10** 8.70 x 10
Neodymium-147 0.0000123 7.38 x 10 7.38 x 10

Sources: DOE 1994b, DOE 2001.
C.4.3 High-Pressure Spray Fire on the Comet Machinewith a Plutonium Core

An operational accident could occur involving afire on one of the experimental machinesinthethree TA-18
Critical Assembly Storage Areas (CASAS) while fueled with a plutonium core. For this analysis, the
accident isassumed to occur on the Comet machine because it hasthe most material at risk. A high-pressure
spray fire resulting from a leak on the motor side of the hydraulic system fuels the postulated fire. The
hydraulic systemis an integral part of the Comet machine. A puncture in the high-pressure portion of the
systemispresumed to produce aspray-likefirethat directly impingeson the underside of thealuminum plate
on which the special nuclear material isplaced. Theflame meltsthe aluminum plate and then the plutonium
core.

The estimated frequency of this event is 1.0 x 10° per year. The material at risk is approximately
27 kilograms (60 pounds) of plutonium-239 equivalent metal. Thedamageratiois1.0. Theairbornerelease
fraction is 0.01 and the respirable fraction is 1.0.

For the No Action Alternative, the leak path factor is assumed to be 1.0 because the buildings are not
specifically designed to contain or filter releases. Thisresultsin asourceterm of approximately 270 grams
(10 ounces) of plutonium-239 equivalent. Thefireadds heat to therelease, creating buoyancy, which results
in adifferent rel ease pattern and, therefore, different consequences than the 270 grams (10 ounces) rel eased
in the uncontrolled reactivity insertion accident.

For the TA-18 Upgrade, LANL New Facility, SNL/NM, NTS, and ANL-W Alternatives, theleak path factor
is assumed to be 0.1 due to the implementation of improved containment, including high-efficiency
particulate air filtration systems. This results in a source term of approximately 27 grams (1 ounce) of
plutonium-239 equivalent.

C.4.4 Earthquake-Induced Facility Failureswithout Fire

The accident scenario is initiated by an earthquake event. The event produces sufficient peak ground
acceleration to initiate the common-cause collapse of all facilities and the release of respirable material
without fire. The TA-18 BIO (DOE 2001) described other earthquake events, including an event with afire.
For afireto occur, the earthquake event must be of sufficient magnitude to damage anatural gasline, while
leaving structures substantially intact to retain the released gas. The concentration of the natural gaswould
build up in the structure and could potentially ignite. The earthquake event with afire, aswell asthe other
earthquake events, however, all lead to lesser releases than the bounding event in thisanalysis. Sufficient
damage occurs in the bounding event that the leaking natural gas would be dispersed to the atmosphere
through the rubble and, therefore, fail to accumulate to aflammable concentration.

The frequency of an earthquake event of this magnitude is estimated to be 0.0001 per year. The material at
risk is approximately 360 kilograms (794 pounds) of plutonium-239 equivalent in various forms. The
damageratio is 1.0 for all material forms and facilities. The airborne release fractionsfor all facilities are
0.0 (metal); 0.00006 (ceramic); 0.002 (powder); 0.0002 (liquid); and 1.0 (gas). The respirable fraction for
all facilitiesis 1.0 (metal, ceramic, gas); 0.3 (powder); and 0.8 (liquid).
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For the No Action Alternative, the leak path factor is assumed to be 1.0 because the buildings are assumed
to have failed with no potential to contain or filter releases. Thisresultsin asource term of approximately
17 grams (0.6 ounces) of plutonium-239 equivalent.

For the TA-18 Upgrade Alternative, the leak path factor is assumed to be 1.0 because the buildings are
assumed to have failed with no potential to contain or filter releases. This results in a source term of
approximately 17 grams (0.6 ounces) of plutonium-239 equivalent.

For the LANL New Facility, SNL/NM, NTS, and ANL-W Alternatives, the leak path factor is assumed to
be 0.001 because the facilities would be located underground, creating an arduous leak path, especially for
particulates. Thematerial at risk isapproximately 350 kilograms (770 pounds) of plutonium-239 equivalent
dueto the absence of SHEBA. Thisresultsin asource term of approximately 0.015 grams (0.0005 ounces)
of plutonium-239 equivalent.

For SHEBA relocation to TA-39, the material at risk is approximately 10 kilograms (22 pounds) of
plutonium-239 equivalent. Assuming the material at risk isin liquid form, the airborne release factor is
0.0002 and the respirable fraction is 0.8. Theleak path factor for this accident is assumed to be 1.0. This
resultsin a source term of 1.6 grams (0.056 ounces) of plutonium-239 equival ent.

C.45 Uncontrolled Reactivity Insertion in SHEBA in Burst Mode

Burst operationsin SHEBA are conducted by gradually filling the critical assembly vessel (CAV) with fuel
until a stable, delayed critical condition is achieved. The safety rod is then inserted to terminate neutron
multiplication and additional fuel is added to the CAV, followed by rapid withdrawal of the safety rod to
initiate the burst. An unanticipated or larger-than-planned prompt critical burst is postulated as aresult of
failed engineering and administrative controls. The unmitigated reactivity insertion accident is assumed to
resultin the overpressurerupture of the CAV. Vessel fragments are assumed to al soimpact material |ocated
in the SHEBA building.

The estimated frequency of this event is 1.0 x 10® per year. The materia at risk is approximately
10 kilograms (22 pounds) of plutonium-239 equivalent metal in mostly metal form and very small amounts
in ceramic and liquid forms. The damageratiois 1.0 for all material forms. The airborne release fractions
for the SHEBA core are 1.0 (metal, gas); 0.006 (ceramic, powder); and 0.00005 (liquid). The SHEBA
building airborne release fractions are 0.0005 (metal); 0.005 (ceramic, powder); 0.00005 (liquid); and
1.0 (g